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Abstract
This paper examines the relationship between energy consumption and real gross domestic product
(GDP) per capita for the 15 former Soviet Union countries during the period 1992–2009.These coun-
tries have been rarely investigated with regard to the related nexus in the literature despite the impor-
tant role of these countries in energy markets as producers and consumers. Panel unit root tests, panel
cointegration tests and panel vector error correction model in a dynamic panel framework are
employed to infer the causal relationship. The empirical results show that there is a unidirectional
causal relationship running from energy consumption to the real GDP per capita in the long run but not
in the short-run for the former Soviet Union countries and Commonwealth Independent States coun-
tries regardless Russia is included or excluded. However, we discover a bidirectional relationship for
oil importer and natural gas importer countries. Therefore, the findings of this study support the
growth hypothesis for the former subsegments and feedback hypothesis for the latter subsegments.
1. Introduction
There are a number of studies that investigate the causality relationship between energy
consumption and real GDP per capita. Researchers try to present the potential relationship
and suggest energy policies for policy makers through their studies. In this paper, we aim
to investigate the potential relationship between energy consumption and real GDP per
capita for the former Soviet Union (hereafter FSU) countries for the period 1992–2009.
This paper contributes to the existent literature on energy consumption–economic growth
nexus in several ways. Firstly, this is the pioneering study that investigates energy
consumption–economic growth nexus for the 15 FSU countries.1 Secondly, we include
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energy consumption as a whole rather than electric consumption, oil consumption or any
other. Thirdly, we use recent panel methods including panel unit root tests, panel
cointegration tests, panel vector error correction model rather than single equation
methods. Fourthly, we classify the countries by seven subsegments to ensure homogeneity
in the panel and to present more accurate policies.
The rest of the study is as follows. Section 2 outlines of energy outlook of the coun-
tries. Section 3 introduces the literature and discusses the four hypotheses in the literature
on energy consumption and economic growth nexus. Section 4 describes our data, and
Section 5 explains methodology. Section 6 provides the results obtained. Section 7
concludes.
2. A brief energy outlook
After the collapse of the Soviet Union, 15 sovereign countries emerged who have signifi-
cant energy reserves. These countries play an important role in world energy markets as
producers, consumers and transit centres. Table 1 shows the composition of energy pro-
duction and energy consumption in the FSU countries in 2009.
Russia is the major oil producer both in the region and in the world. Russia, Azerbai-
jan, Kazakhstan and Turkmenistan are net exporters of fossil fuel, whereas the rest is not.
Besides Russia is the major natural gas producer in the world. Also Azerbaijan, Kazakh-
stan, Turkmenistan and Uzbekistan are net exporters of natural gas. Oil and natural gas
exports of these countries have been substantially contributed to GDP growth and so their
primary energy intensities2 have rapidly decreased since 1992. In terms of coal reserves,
Russia is the leading producer followed by Kazakhstan, Ukraine and Estonia. However,
the carbon intensity3 of Estonia is relatively high due to the share of coal in its gross elec-
tricity production.
The source of electricity production depends on the availability of domestic resources
such as oil, natural gas, coal, hydropower, nuclear power and renewables as shown in
Table 1. According to the figures, these countries do not considerably use oil and renew-
able energy sources (excluding hydroelectricity) in electricity production. Tajikistan,
Kyrgyzstan and Georgia take advantage of their geographical features as they pro-
duce electricity by hydropower. This characteristic has caused a reduction in the carbon
intensities. The usage level of renewable energy sources is still low in FSU countries that
require an expansion (Apergis and Payne, 2010a). Finally, the nuclear power plants’ con-
tribution ranges from 74.11 per cent in Lithuania to 0.00 per cent in 11 countries of the
FSU.
Primary energy intensity and carbon intensity can aid us in interpreting energy fea-
tures of countries, because inequality in intensities across countries shows the variation in
energy consumption and carbon emissions per capita (Duro and Padilla, 2011). Figures 1
Dincer Dedeoglu and Ali Piskin76
OPEC Energy ReviewMarch 2014 © 2014 Organization of the Petroleum Exporting Countries
T
ab
le
1
S
ur
ve
y
of
en
er
gy
pr
od
uc
ti
on
an
d
co
ns
um
pt
io
n
fo
rt
he
F
S
U
co
un
tr
ie
s,
20
09
*
O
il
(t
ho
us
an
d
ba
rr
el
s
pe
rd
ay
)
N
at
ur
al
ga
s
(b
il
li
on
cu
bi
c
fe
et
)
C
oa
l(
th
ou
sa
nd
sh
or
tt
on
s)
E
le
ct
ri
ci
ty
P
ro
du
ct
io
n
C
on
su
m
pt
io
n
P
ro
du
ct
io
n
C
on
su
m
pt
io
n
P
ro
du
ct
io
n
C
on
su
m
pt
io
n
P
ro
du
ct
io
n
C
on
su
m
pt
io
n
(b
il
li
on
kW
h)
To
ta
l
(b
il
li
on
kW
h)
O
il
(%
)
N
at
ur
al
ga
s
(%
)
C
oa
l
(%
)
H
yd
ro
el
ec
tr
ic
(%
)
N
uc
le
a
r(
%
)
R
en
ew
ab
le
(%
)
A
rm
en
ia
0
49
0
54
.7
4
0
66
.1
4
5.
67
0
20
.3
4
0
35
.6
43
.9
7
0.
07
4.
78
A
ze
rb
ai
ja
n
10
12
.2
5
13
0.
15
57
6.
59
36
7.
17
0
0
18
.8
6
2.
63
85
.1
1
0
12
.2
3
0
0.
01
14
.4
9
B
el
ar
us
34
.0
1
16
4
5.
3
62
6.
84
0
15
9.
84
30
.3
7
17
.6
3
81
.7
0
0.
14
0
0.
2
31
.3
6
E
st
on
ia
7.
6
29
.6
8
0
23
.0
6
16
46
7.
43
15
25
3.
78
8.
77
0.
51
1.
23
91
.3
8
0.
36
0
5.
79
7.
97
G
eo
rg
ia
0.
98
19
0.
35
60
.3
9
23
4.
79
34
9.
43
8.
55
0.
45
12
.9
3
0
86
.6
0
0
6.
99
K
az
ak
hs
ta
n
15
40
.4
1
24
1
38
8.
47
30
4.
42
11
11
72
.5
1
79
12
3.
91
78
.7
1
3.
23
13
.1
3
74
.8
9
8.
73
0
0
71
.5
8
K
yr
gy
zs
ta
n
0.
95
15
.4
8
0.
54
23
.1
5
66
3.
59
10
97
.9
0
11
.1
0
7.
96
2.
75
89
.2
7
0
0
7.
46
L
at
vi
a
0
38
0
55
.0
9
0
13
9.
99
5.
56
0.
07
36
.0
3
0.
03
62
.0
7
0
1.
77
6.
48
L
it
hu
an
ia
5.
73
73
0
96
.4
1
0
27
7.
34
14
.6
4
5.
01
14
.3
4
0
2.
89
74
.1
1
1.
77
11
.4
5
M
ol
do
va
0
16
.5
0
82
0
19
9.
52
3.
6
1.
33
95
.0
2
0
1.
52
0
0
3.
63
R
us
si
a
99
33
.7
1
29
27
.0
0
18
89
0.
27
13
50
4.
81
30
42
28
.0
1
20
40
83
.0
3
99
0.
04
1.
61
47
.3
7
16
.5
2
17
.5
9
16
.5
2
0.
05
87
0.
33
Ta
ji
ki
st
an
0.
22
37
.5
1
1.
34
8.
02
21
8.
26
23
3.
69
16
.1
2
0
2.
02
0
97
.9
7
0
0
13
.4
6
Tu
rk
m
en
is
ta
n
19
8.
15
93
13
47
.2
7
70
8.
07
0
0
15
.9
8
0
99
.9
8
0
0.
01
0
0
12
.1
8
U
kr
ai
ne
92
.0
4
34
7
71
5.
48
15
59
.5
1
60
64
4.
76
68
77
4.
31
17
3.
48
0.
52
8.
1
36
.5
5
6.
82
47
.9
5
0.
02
14
7.
39
U
zb
ek
is
ta
n
70
.8
9
13
9.
92
21
68
.6
2
16
31
.8
4
40
27
.8
5
42
07
.5
2
49
.9
2.
07
75
.1
4
4.
08
18
.6
9
0
0
45
.4
2
*
T
he
sh
ar
es
of
re
so
ur
ce
s
in
el
ec
tr
ic
it
y
pr
od
uc
ti
on
is
in
pe
r
ce
nt
.R
ea
lG
D
P
pe
rc
ap
it
a
m
ea
su
re
d
in
co
ns
ta
nt
20
05
P
P
P
in
te
rn
at
io
na
ld
ol
la
rs
.D
at
a
on
oi
l,
na
tu
ra
lg
as
an
d
co
al
w
er
e
ob
ta
in
ed
fr
om
U
S
E
ne
rg
y
In
fo
rm
at
io
n
A
dm
in
is
tr
at
io
n.
D
at
a
on
el
ec
tr
ic
it
y
w
er
e
ob
ta
in
ed
fr
om
W
or
ld
B
an
k
In
di
ca
to
rs
.
Energy consumption–economic growth nexus 77
OPEC Energy ReviewMarch 2014© 2014 Organization of the Petroleum Exporting Countries
and 2 present both intensities4 of the FSU countries and the group of seven (hereafter G7)
countries in 1992 and 2009. We prefer this comparison in order to reveal the differences
between developed and developing countries.
The intensities of the FSU countries are very high when we compare with G7 coun-
tries, even though rates of change of intensities in developing countries have been higher
than developed countries. The main reasons of high decrease in intensities are rapid GDP
growth, high energy prices, efficiency improvements, decline in heavy industry and
expansion of service sector as so in Armenia (Energy Charter, 2005), and enforcement of
strict energy efficiency laws or vice versa so as in Belarus and Georgia, respectively
(Winrock International, 2008; Gerasimov, 2010). However, both intensities are still high.
3. Empirical literature
The empirical literature on energy consumption and economic growth starts with the study
of Kraft and Kraft (1978). The studies belonging to the large body of empirical literature
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Figure 1 Energy intensities in the FSU countries and G7 countries, 1992 and 2009.
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on energy consumption and growth can be distinguished between studies focusing on the
analysis of a particular country and of a group of countries. In Appendix 1, Tables A1 and
A2 show selected studies given chronologically (Ozturk, 2010; Payne, 2010b; Farhani and
Rejeb, 2012). Also, the authors, time period, methodology, subjected country(s) and
results obtained are provided. As it can be observed from the provided tables, the widely
studied causal relationship between energy consumption and economic growth reveals
different results. Starting from this point, the direction of a causal relationship between
energy consumption and economic growth can be put into four hypotheses that are neutral-
ity, conservation, growth and feedback hypotheses (Ozturk, 2010). The neutrality hypoth-
esis postulates that energy consumption may have little or no impact on economic growth.
The conservation hypothesis asserts that the causal relation runs from economic growth to
energy consumption, hence, conservative policies have no adverse impact on economic
growth. The growth hypothesis claims that energy consumption stimulates economic
growth but shocks to energy supply can have a negative impact on economic growth and
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Figure 2 Carbon intensities in the FSU countries and G7 countries, 1992 and 2009.
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thus energy conservation policies are not recommended. The feedback hypothesis consid-
ers bidirectional causality relationship between energy consumption and economic
growth.
Reynolds and Kolodzieji (2008) employed Granger causality tests within a bivariate
aspect in order to examine the relationship between oil, natural gas, coal and the GDP
growth for the Soviet Union.As pointed out by the study, a fall in GDP occurs after oil pro-
duction decline but not in the reverse direction. The evidence for natural gas and coal indi-
cate that after the fall in GDP, both the production of natural gas and coal decline. In other
words, Reynolds and Kolodzieji (2008) find a unidirectional causality from oil production
to GDP that supports the growth hypothesis and unidirectional causality from GDP to
natural gas production and coal production that supports the conservation hypothesis.
Apergis and Payne (2010a) used error-correction models to examine the relevant relation-
ship within a panel data framework for the countries of Eurasia during the period of 1992–
2007. The results reveal bidirectional causality in renewable energy consumption and
economic growth in both the short run and the long run, which supports the feedback
hypothesis. Moreover, further use of the renewable energy reduces the dependence on
fossil fuel energy sources and carbon emissions. In a panel study of 67 countries that
includes the majority of the FSU countries (excluding Lithuania and Turkmenistan),
Apergis and Payne (2010b) examine the causal relationship between natural gas consump-
tion and economic growth by using the panel error-correction model and reveal similar
result with Apergis and Payne (2010a). They conclude that the feedback hypothesis is
valid for the relationship between natural gas consumption and economic growth.
Acaravci and Ozturk (2010) applied the Pedroni panel cointegration method to investigate
the long-run causal relationship between electricity consumption and economic growth in
15 transition economies, and they found no cointegration for the aforementioned relation-
ship in the long run that is supportive of the neutrality hypothesis. Apergis and Payne
(2011) focused on the 1990–2006 period by employing panel vector error-correction
models for 88 countries categorised into four panels based on the income classification to
analyse the causal relationship between electricity consumption and economic growth.
The empirical findings suggest that a bidirectional causal relationship between electricity
consumption and economic growth exists for the high income, upper-middle income and
lower middle income countries in the long run, but also the existence of bidirectional cau-
sality is stated for high income and upper-middle income countries in the short run. In
addition, unidirectional causality from electricity consumption to economic growth exists
for the lower middle and low-income countries in the short run, but unidirectional causal-
ity is specified for low income countries in the long run. Bildirici and Kayıkçı (2012)
examined the relationship between electricity consumption and economic growth for 11
Commonwealth of Independent States countries in three groups of income levels. They
found a unidirectional causality running from electricity consumption to GDP for all
Dincer Dedeoglu and Ali Piskin80
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groups in the long run. Also, they stated that effect of electricity consumption on the GDP
is negative for the group of middle-income countries, whereas it is positive for the high-
and low-income groups of countries.
4. Data
Our balanced panel data consist of annual state level data regarding real GDP per capita,
energy consumption of the 15 FSU countries. These countries are Armenia, Azerbaijan,
Belarus, Estonia, Georgia, Kazakhstan, Kyrgyz Republic, Latvia, Lithuania, Moldova,
Russia, Tajikistan, Turkmenistan, Ukraine and Uzbekistan. We pool these countries due to
their broadly shared geopolitical history and development pattern. Energy consumption is
measured by energy use (henceforth EU) in kilograms of oil equivalent. Output is meas-
ured by real GDP per capita (henceforth Y) in constant US dollars. Figures 3 and 4 show
time series for EU and Y, respectively. Annual data between 1992 and 2009 are obtained
from US Energy InformationAdministration (EIA) and the World Bank Indicators (WBI).
All variables are in per capita terms and in their natural logarithm.
5. Methodology
Researchers, who investigate the energy consumption–economic growth nexus, usually
employ bivariate or multivariate models. If the investigation considers long periods, also
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shocks and economic regime shifts should be considered because of the existence of out-
liers and structural breaks. However, all parameters that are directly or indirectly related to
the nexus cannot be taken into account due to possibility of poor understanding of coun-
tries’ history and consideration long time periods. If the aim is to assess causality and
bivariate models reveal causal relationship between energy consumption and economic
growth, multivariate models are not needed; hence there is no reason to incorporate more
variables (Acaravci and Ozturk, 2010; Fuinhas and Marques, 2012). Besides, Clarke
(2005) argues that the inclusion of additional control variables is not a remedy for omitted
variable bias. Moreover, he demonstrates that the mathematical framework of regression
analysis supports this conclusion. Regarding the existent literature, it can be seen that a
considerable amount of the studies use only two variables.5 Due to aforementioned
reasons, we use a bivariate model. In addition, we ameliorate the analysis by classifying
countries into seven subsegments and employing heterogeneous panel data techniques.
Firstly, we examined the time series properties of the data to test the degree of integra-
tion between EU andY by employing different panel unit root tests following the works of
Levin et al. (2002) (hereafter LLC), Im et al. (2003) (hereafter IPS), Pesaran (2007) (here-
after CIPS) and Lee and Strazicich (2004) (hereafter LS). After obtaining evidence in
favour of non-stationarity, we further analyse cointegration to determine the long-run rela-
tionship between EU and Y by employing Pedroni (1999, 2001) and Westerlund (2007)
cointegration tests. While there exists heterogeneity between countries, panel unit root
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tests with structural breaks and panel cointegration tests strengthen the results that based
on panel data. Also, we classify the FSU countries in order to decrease heterogeneity.
Thus, there are seven subsegments that are named as all-except Russia, Commonwealth of
Independent States (hereafter CIS), CIS-except Russia, oil exporters, oil importers,
natural gas exporters and natural gas importers.6
Based on our evidence in favour of cointegration, we estimated the long-run relation-
ship and obtained residuals. We used these residuals as error-correction term following
Apergis and Payne (2011), Mandal and Madheswaran (2010), Mahadevan and
Asafu-Adjaye (2007) for panel vector error correction-based panel causality tests in
dynamic panel estimation framework to display the direction of causation in the short run
and long run. Finally we estimated panel long-run elasticities using fully modified ordi-
nary least squares (hereafter FMOLS).
5.1. Panel unit root tests
Hendry and Juselius (2000) note that if the level of any variable with a stochastic trend
is connected with another variable, this related variable inherit non-stationarity from the
variable with a stochastic trend and transmit it to other variables in turn. Therefore, links
between variables lead to the propagation of the non-stationarity throughout the
economy. When the effects of structural changes on macroeconomic oil market vari-
ables are taken into consideration, the stationarity properties of energy consumption
have important implications in terms of economic policies (Narayan and Smyth, 2007).
Non-technically if energy consumption (or GDP) is non-stationary when it is exposed to
a shock such as a sudden increase in energy prices (or technological shocks), it trans-
mits this non-stationarity to other key macroeconomic variables. To illustrate, a disturb-
ance in world oil market affects energy consumption permanently or an increase in total
factor productivity affects GDP permanently. In other words, the failure in the rejection
of the null of unit root for energy consumption (or GDP) series implies that the effects
of shocks or innovations are permanent. On the other hand, the rejection of the null of
unit root means that shocks to energy consumption (or GDP) series have transitory
effects and both of our series return to their long-run equilibrium path after a short
period of time.
The unit root tests are the referred tools for the detection of unit roots. Since our study
has a panel set up, we employ panel unit root tests. We examine non-stationarity of our data
by the use of three well-known panel unit root tests: LLC, IPS and CIPS. These tests are
included in different generations of panel unit root tests.7 LLC assumes that auto-
regressive (AR) coefficient is common for all individual units. IPS test takes heterogeneity
into account by permitting AR coefficient to change across individual members. The main
difference of CIPS test from LLC and IPS is the allowance of cross-sectional dependency.
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For more precise analysis we further employ LS minimum Lagrange multiplier test with a
structural break (hereafter LS). LS test investigates stationarity by considering breaks in
constant and trend.
LLC panel unit root test examines the existence of unit root by testing the null hypoth-
esis of non-stationarity against the alternative, that is, all series in panels are stationary.
The panel unit root test does not permit correlation across individual units. In addition,
LLC assumes that auto-regressive (AR) coefficient is common for all individual units. The
specification is as follows:
Δ Δy y yi t i i t k i t k i t t i t, , , , ,= + + + +− −∑α ρ ϕ λ δ ε1 (1)
i N t T= =1 1, , , ,… …
In this specification, the AR coefficient is ρ, which is common for all individual units.
The null and alternative hypothesis can be expressed as H0:ρ = 0 and H1:ρ < 0, respec-
tively. The panel unit root test includes a three-step procedure. In the first step, the
Augmented Dickey Fuller (hereafter ADF) test is performed in order to obtain the
orthogonalised residuals. Subsequently for each individual unit, long run and short run
ratio is calculated and finally t-statistics are obtained to test the null hypothesis.
When different economic conditions and stages of economic development exists
between countries, IPS test of Im et al. (2003) is suggested to be used. IPS panel unit root
test is more powerful than LLC test. IPS test takes heterogeneity into account by permit-
ting AR coefficient to change across individual members. The null and alternative hypoth-
eses for IPS panel unit root test can be presented all panels are non-stationary and at least
one individual series is stationary. The data generation process for IPS can be specified as
follows:
Δ Δy y yi t i i i t k i t k i t t i t, , , , ,= + + + + +∑ −α ρ ϕ λ δ ε (2)
i N t T= =1 1, , , ,… …
In this specification, the AR coefficient is ρi, and ρi is not common for all individual
units. The null and alternative hypothesis can be expressed as H0:ρi = 0 and H1:ρ < 0 for at
least one i, repectively.
Pesaran cross-sectional dependency augmented IPS test is expressed as one of the
second-generation panel unit root tests. The main difference of CIPS test from LLC and
IPS is the allowance of cross-sectional dependency. In the CIPS approach, cross-sectional
averages of the lagged levels are obtained and included to the specification as a common
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factor. Following the calculation of cross-sectional ADF test statistics they are averaged to
get CIPS test statistic. Pesaran (2007) proposes an ADF regression in the following form:
Δ Δ Δhi t i i i t i t i j
j
p
i t j i j
j
p
t ja h h h h d, , , , ,= + + + + +− −
=
−
=
−∑ ∑α β γ θ1 1
1 0
i t i t, ,+ ε (3)
h
N
ht i t
i
N
−
=
= ∑1
1
1
,
The test of unit root can be conducted by the use of t-value of αi. If the test is executed
for individual units, it is called CADFi statistic. On the other hand, if the test is executed by
combining the individual statistics, it is called CIPS statistic and can be obtained as:
CIPS
N
CADFi
i
N
=
=
∑1
1
(4)
We also consider structural breaks in order to obtain more robust evidence in favour of
the existence of unit root and so we employ minimum Lagrange multiplier panel unit root
test (hereafter LM) with one structural break suggested by Lee and Strazicich (2004). LM
tests with structural breaks are predicated on Lagrange multiplier unit root tests of
Schimidt and Phillips (1992). LM tests investigate stationarity by considering breaks in
constant and trend according to Model A and Model C, which were undertaken in Perron
(1989). Model A is known as the crash model, and Model C is known as the crash-cum-
growth model. Model A allows for a one-time change in the intercept under the alternative
hypothesis and is described as Zt = [1, t, Dt]′ where Dt = t ≥ TB + 1 and zero otherwise.
Model C allows for a shift in intercept and change in trend slope under the alternative
hypothesis and is described as Zt = [1, t, Dt, DTt]′ where DTt = t − TB t > TB + 1 and zero
otherwise. The one break LM test statistics according to the LM (score) principle are
obtained from the following regression:
Δ Δy Z S ut t t t= ′ + +−δ φ  1 (5)
where    …S y Z t Tt t X t= − − =( )ψ δ 2, , and Zt is a vector of exogenous variables and
defined by the data generating process; δ is the coefficient vector in the regression of Δyt
on ΔZt, respectively. Δ is the difference operator; and  ψ δX y Z= −1 1 , where y1 and Z1 are
the first observations of yt and Zt, respectively. The null of unit root is represented by ϕ = 0
in equation (5) and the LM t-test is given by τ , which is the t-statistic for the null of ϕ = 0.
Δ St j− are the lag terms included to account for serial correlation. The value of k is
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determined by the general to specific search procedure. The determination of the location
of the break (TB), the LM unit root procedure searches for all possible break points for the
minimum unit root t-test statistic as follows:
lnf lnf   τ λ τ λλ( ) = ( ) (6)
λ = T TB
Since Models A and C can suggest different results, the choice of the model is an
obvious issue. According to Sen (2003), Model C outperforms Model A when the break
date is treated as unknown. Monte Carlo simulation results show that the estimates of
Model C are more reliable than Model A (Sen, 2005).
5.2. Panel cointegration tests
Engle and Granger (1987) note that a linear combination of two or more non-stationary
series may be stationary. In this case, we can define the series as cointegrated. Such a linear
combination defines a cointegrating equation that characterise the long-run relationship
between the variables. We employ cointegration tests in order to examine the existence of
cointegration. Panel cointegration tests can be divided into two groups according to
whether the test is residual based or not, namely first-generation and second-generation
panel cointegration tests. Pedroni (1999, 2004) for the first generation panel cointegration
tests and Westerlund (2007) error correction-based panel cointegration tests for the
second generation tests are employed.
Since economic conditions and degree of development differ across countries, hetero-
geneity may arise. Thus, it is important to allow for heterogeneity among the individual
members of the panel. Pedroni cointegration test examines the null of no cointegration by
allowing both cross-sectional interdependence and heterogeneous individual effects. The
specification is as follows:
y t xit it i i it it= + + +α δ β ε1 (7)
i N t T= =1 1, , , ,… …
ε ρ ε ωit i it it= +−1
ρi = 1
Parameters αit and δi allow for country-specific effects and deterministic trends,
respectively. The slope coefficients β1i that can be interpreted as elasticity estimates are
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also allowed to vary among individual members, so by this allowance the cointegrating
vectors may become heterogeneous across members of the panel (Acaravci and Ozturk,
2010). εit are the deviations from the long-run relationship. In Pedroni cointegration test,
the null of no cointegration ρi = 1 is tested.
According to Pedroni (2001), two groups of tests are proposed namely within dimen-
sion tests and between dimension tests. Within dimension tests include four statistics and
the latter includes three statistics. Within dimension tests are conducted by pooling all
individual autoregressive coefficients across individuals for the unit root tests on the esti-
mated residuals. These tests consider common time factors and heterogeneity across indi-
viduals. Within dimension test statistics are namely panel v-stat, panel ρ-stat, panel pp-stat
and panel adf-stat. Furthermore, between dimension approach depends on averaging indi-
vidual autoregressive coefficients, and the test statistics are namely group ρ -stat, group
pp-stat and group adf-stat.
Westerlund (2007) procedure employs structural dynamics to test whether
cointegration is prevalent or not, rather than residual-based approach. In this procedure the
presence of cointegration is tested by evaluating whether the error correction term in an
error correction model is equal to zero or not. If the null hypothesis of no error correction
is not accepted, then evidence in favour of cointegration is obtained. In addition, bootstrap
method is employed to deal with cross-sectional dependence across units. Westerlund
(2007) procedure allows for distinguishing groups and panel mean tests. While Gt, Gα
denote group mean statistics; Pt, Pα denote panel mean statistics. The Gt, Gα group mean
statistics do not use error correction information across the cross section units. However
Pt, Pα panel mean statistics based on error correction and exploit error correction informa-
tion across individual cross-sectional units. Data generation process is specified as
follows:
Δ Δy d y x a yit i t i i t i i t ij
j
p
i t j ij
j
pi i
= ′ + − ′( ) + +
− −
=
−
=
∑ ∑δ α β γ, , ,1 1
1 0
Δx ei t j it, − + (8)
α i < 0
αi measures the return speed of the system after a sudden shock hits one of the system vari-
ables. For the presence of cointegration, the coefficient should have a negative sign. Unless
the coefficient is different from zero, we obtain evidence against cointegration. Westerlund
error correction-based panel cointegration tests aim to test the null of no cointegration,
αi = 0, against the alternative of cointegration, αi < 0, at least some i. According to the
alternative hypothesis, segregation is able to be made between group mean tests and panel
tests.
Energy consumption–economic growth nexus 87
OPEC Energy ReviewMarch 2014© 2014 Organization of the Petroleum Exporting Countries
5.3. Panel VECM-based causality test
We performed panel causality test using two-step procedure from Engle and Granger
(1987) procedure. The Granger causality test is employed by estimating vector
autoregressive models.According to the Granger (1986) RepresentationTheorem, if a pair
of I(1) series are cointegrated, there must be at least a unidirectional causation in either
way. If the series are not I(1) or are integrated of different orders, no test for a long-run rela-
tionship is usually carried out. In the first step, we estimated the long-run model in equa-
tion (9) using FMOLS and obtain residuals in order to use in panel causality test as error
correction term.
Δ ΔlnY t lnEUit it it i it it= + + +α δ γ ε1 (9)
The panel VECM structure for the second step can be summarised as follows:
Δ
Δ
lnY
lnEU
L
it
it k
k k
k k
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⎣⎢
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⎦⎥ =
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Here i = 1, . . . , N; t = ρ + 2, . . . , T; theαks, βks and ϕks are parameters to be estimated,
Δ is the difference operator, lnY and lnEU are real GDP per capita and energy use, both are
in natural logarithm, respectively. ECTit−1 stands for the one period lagged error-term
obtained from the cointegrating vector. The coefficients of ECT represent how fast devia-
tions from the long-run equilibrium are eliminated. Finally, ε1 and ε2 represent serially
independent error terms with mean zero and finite covariance matrix. According to the
VAR structure, short-run Granger-causality can be obtained by the statistically signifi-
cance of βks and long-run casuality by ϕks coefficients, respectively.
Since conventional ordinary least squares suffer from endogeneity and autocorrelation
problems and thus tend to yield biased results, we adopt the Blundell Bond System Gener-
alized Method of Moments approach rather than the Arellano–Bond approach, which has
superior finite-sample properties for dynamic panel data framework (Blundell and Bond,
1998). For testing the joint validity of the instruments, both the heteroscedasticity robust
Hansen (1982) J test and Sargan (1958) tests were conducted. According to Roodman
(2009a, 2009b), bounding the number of instruments for a maximum of cross sectional
groups can be mentioned as a rule of thumb.8
Short-run Granger causality is achieved by the rejection of the null H0 : βik = 0 and
long-run counterpart of Granger causality can be obtained by the rejection of the null
H1: ϕi = 0. Besides a strong causality test may be executed by the examination of joint
significance of the coefficients of the lagged right hand side variables, except the lagged
dependent variable, and error correction term coefficients. Simple Wald tests enabled us to
test the related hypothesis. In addition, we explore subsegments of the all panel data and
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check whether our findings for the whole set of 15 countries still hold for the subsegments
as well.
5.4. Panel long-run elasticities
Following the establishment of long-run causality, we finally estimate the panel long-run
elasticities. According to Pedroni (2000), FMOLS approach that is preferable as it consid-
ers endogeneity problem can be used to make inference about heterogenous panel
cointegration. Following Pedroni (2000), we estimate the FMOLS values for the hetero-
geneous cointegrated panel. This consideration enables FMOLS to outperform OLS and
provides unbiased estimates of the regression coefficients, which can be interpreted as
long-run coefficients.
6. Empirical results
Levels of the series are tested for the existence of unit root by allowing both intercept and
time trend. Differences of the series, however, are tested by allowing only intercept term,
because according to Canning and Pedroni (2008), time trends in levels are eliminated by
differencing leading the rejection of the null of unit root. Table 2 displays first-generation
and second-generation panel unit root tests results.
According to IPS test results, we do not reject the null of unit root for either lnEU or
lnY series for all countries. LLC test indicates that the result does not change for lnEU, but
this time we do not reject the null of unit root for lnY. According to CIPS test results, we
again achieved the result of non-stationarity for both series. Besides basing upon at least
two of the panel unit root tests, we obtain evidence in favour of non-stationarity for the
subsegments.
The minimum LM test results are given inTable 3.According to the results, the null of
unit root cannot be rejected whether or not there is a statistically significant structural
break in model specification, except Georgia and Moldova for GDP series, Armenia and
Turkmenistan for energy use series.9
If at least one of the parameters in the model changes at some date in the sample period,
structural changes in economic and political variables occur. Although a structural change
takes a period of time to take effect, immediate effects of structural breaks are focused for
simplicity in the literature (Hansen, 2001). However, this simplification does not coincide
with evolution of economic and political variables. Major economic and political shocks
that provoke regime shifts in the FSU countries emerged after Asian economic crisis,
signing of the Kyoto Protocol in 1997, Russian financial crisis in 1998, sharp drop in oil
price (under $10 per barrel) in 1998, September 11 attacks and second Gulf War in 2003.
Obviously, evolution always affects countries’ energy performance. However, structural
breaks in output, displayed in Table 3, dominantly refer to the period between 1998 and
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Table 2 First-generation and second-generation panel unit root tests
IPS LLC CIPS
w t[ ] t CIPS t-stat
All countries ln Y −0.946 1.153 −1.662
ΔlnY −4.178*** −9.687*** −2.843***
lnEU −2.228 −0.668 −1.782
ΔlnEU −6.410*** 0.735 −2.754***
Subsegments
All-except Russia ln Y −0.5187 1.6118 −1.567
ΔlnY 3.2832 −2.4035*** −2.444**
lnEU −0.8187 0.0768 −1.934
ΔlnEU −1.5514* −6.0070*** −2.659***
CIS ln Y −0.7982 0.7976 −2.080
ΔlnY 0.3832 −3.1348*** −2.227*
lnEU −0.9146 0.2130 −2.005
ΔlnEU −3.7459*** −5.5400*** −2.863
CIS- except Russia ln Y 0.9734 0.5862 −2.160
ΔlnY −3.0806*** −3.4510*** −2.254*
lnEU −1.9197 −0.0730 −2.054
ΔlnEU −6.3047*** −5.7074*** −2.736***
Oil exporters ln Y −0.8342 −0.3667 −2.195
ΔlnY −2.4696*** −1.1635 −3.289***
lnEU −1.3244 −1.8179 −2.943
ΔlnEU −4.4052*** 0.4999 −2.586***
Oil importers ln Y −3.0491 2.6391 −2.306*
ΔlnY −3.0491*** −1.7648** −2.504**
lnEU −0.1953 2.1976 −1.756
ΔlnEU −6.2425*** −6.5128*** −2.468**
Natural gas exporters ln Y 1.0999 −0.2154 −1.813
ΔlnY −1.4108* −2.5448*** −3.905***
lnEU −1.9942 −2.0267 −2.593
ΔlnEU −4.2255*** 0.0240 −2.747**
Natural gas importers ln Y −0.7479 3.4723 −2.055
ΔlnY −4.0417*** −0.6712 −2.682***
lnEU −0.1565 2.5083 −2.044
ΔlnEU −6.0735*** −6.4285*** −2.459**
*, ** and *** denote statistical significance at the 10%, 5% and 1% levels, respectively. For the case
with constant, critical values for Pesaran CIPS test are −2.53, −2.32 and −2.21 for 1%, 5% and 10%
significance levels, respectively.
Dincer Dedeoglu and Ali Piskin90
OPEC Energy ReviewMarch 2014 © 2014 Organization of the Petroleum Exporting Countries
Table 3 The minimum Lagrange multiplier test with one structural break†
MODEL C‡
LM Statistics§,†† B(t)¶ D(t)¶ Opt. Lag TB
lnY
Armenia −3.527 0.0016 (0.0284) −0.0963 (−3.5526)*** 1 2000
Azerbaijan −2.583 −0.0432 (0.7987) 0.1122 (4.0945)*** 1 1999
Belarus −4.429 0.0223 (0.7424) −0.0485 (−2.7805)** 1 2000
Estonia −3.990 0.0295 (0.958) −0.1100 (−7.4704)*** 1 2000
Georgia −9.112 0.0525 (4.0658)*** −0.0409 (−5.4441)*** 2 2002
Kazakhstan −2.873 0.0100 (0.3888) −0.0157 (−1.0248) 1 2005
Kyrgyz Republic −3.721 −0.0081 (−0.2273) −0.0252 (−1.3884) 1 2001
Latvia −3.012 0.0319 (0.6690) −0.1029 (−4.6303)*** 1 2001
Lithuania −3.876 0.0344 (1.1398) −0.0546 (−3.7392)*** 1 2002
Moldova −6.801 −0.0307 (−0.8198) −0.0650 (−2.8894)** 0 1998
Russian Federation −3.626 0.0300 (1.1179) −0.0626 (−2.5652)** 2 1996
Tajikistan −3.750 −0.0438 (−0.9382) 0.1246 (5.2456)*** 1 1999
Turkmenistan −4.057 −0.0469 (−0.8828) 0.1440 (4.8730)*** 1 2000
Ukraine −3.123 −0.0598 (−1.4049) 0.1107 (3.1727)*** 1 2001
Uzbekistan −2.467 0.0244 (0.7347) −0.0716 (−2.3030)*** 1 1999
lnEU
Armenia −5.300 −0.0915 (−1.1645) 0.4838 (4.6428)*** 1 1996
Azerbaijan −3.447 −0.0614 (−1.0374) 0.0370 (1.1586) 0 1996
Belarus −4.224 0.0328 (1.4539) 0.0265 (−2.3821)** 0 2001
Estonia −4.934 0.0193 (0.4895) −0.0394 (−1.6649) 0 1996
Georgia −3.409 0.1433 (1.7216) 0.0321 (0.7976) 0 1999
Kazakhstan −3.386 −0.1575 (−3.1481) 0.1307 (5.2489)*** 2 2000
Kyrgyz Republic −3.707 0.1673 (2.1716)** 0.0075 (0.1974) 0 1997
Latvia −3.579 0.0377 (1.4387) −0.0785 (−4.2026)*** 0 1996
Lithuania −4.964 0.1630 (3.4108)*** −0.1055 (−4.2252)*** 1 1997
Moldova −3.661 −0.2036 (−2.6103)** 0.0260 (0.8047) 1 2001
Russian Federation −3.256 0.0468 (1.3175) −0.0907 (−3.0266)*** 2 1999
Tajikistan −3.643 −0.0614 (−1.9156) 0.1042 (3.2819) 2 2000
Turkmenistan −6.382 −0.1628 (−2.4690)** −0.1392 (−3.6465)*** 1 1997
Ukraine −4.017 −0.0608 (−1.7227) −0.0073 (−0.4622) 2 2000
Uzbekistan −3.062 0.1562 (2.7571)** −0.2311 (−3.8599)*** 1 2001
*, ** and *** denote statistical significance at the 10%, 5% and 1% levels, respectively.
† Tb is the date of the structural break; B(t) is the dummy variable for the structural break in the intercept; D(t) is the dummy variable for the
structural break in the slope.
‡ Model A allows for a one-time change in the intercept, Model C allows for a shift in intercept and change in trend slope. According to Sen (2003),
Model C outperforms Model A when the break date is treated as unknown. Monte Carlo simulation results show that the estimates of Model C are
more reliable than Model A (Sen, 2005). Thus, we reported the results of Model C in our study.
§ Due to the small sample here, the maximum number of k was chosen as 2. Critical values for the dummy variables follow the standard normal
distribution. The critical values for the LM test statistic are symmetric around λ and (1-λ).
¶ Figures in parentheses are t-values.
†† The critical values for the LM test statistic depend on the location of the break and are as follows:
Location of break, λ = TB/T 0.1 0.2 0.3 0.4 0.5
1% sig. level −5.11 −5.07 −5.15 −5.05 −5.11
5% sig. level −4.5 −4.47 −4.45 −4.5 −4.51
10% sig. level −4.21 −4.2 −4.18 −4.18 −4.17
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2002. Also, Table 3 shows that developments in energy sector and shifts in economic and
political variables caused structural breaks in energy use between 1996 and 2001.After the
collapse of the FSU, emerging independent states have begun liberalisation programmes.
Combined effects of falling commodity prices, deteriorating terms of trade and requiring
reliable trade partners have tended to improve the cooperation motive among these coun-
tries. In order to enable faster growth, different degrees of economic reforms have been
implemented in the FSU countries. Therefore, certain events cannot be indicated as the
single cause of structural breaks. Thus, we prefer to point out the major economic and
political shocks that affect these countries.
Depending on the achievement of the same integration orders of EU and Y series for
the FSU countries as a whole and subsegments, we further proceed for panel cointegration
analysis by using panel cointegration tests. Pedroni panel cointegration test results for
within and between dimensions are reported in Table 4. According to the figures, the
majority of the test stats enable us to reject the null of no cointegration except the
subsegments that includes oil exporter and natural gas exporter countries. This conse-
quence may be interpreted as evidence in favour of cointegration for the FSU countries as
a whole and remaining subsegments. Thus, we can state that there is a long-run relation-
ship between energy use and growth through Pedroni’s heterogeneous panel cointegration
test.
According to the Westerlund error correction-based panel cointegration test, we failed
to reject the null of no cointegration with regard to group mean statistics and to one of
panel mean statistics by the consideration of robust probability value figures summarised
in Table 5 for the FSU countries as a whole. We also checked the subsegments, and the
results are consistent with the former panel cointegration test.
According to the Table 6, the coefficient of error-correction term is statistically sig-
nificant for the panel of all countries for the specification where ΔlnYit is depended, and
deviations from common stochastic trend are corrected in the next period by 0.882. In
addition, joint significance of the coefficient of ΔlnEUit−1 and ECTit−1 terms indicate evi-
dence in favour of strong causality. However, for the panel of all countries for the specifi-
cation where ΔlnEUit is depended, error-correction term is not statistically significant
revealing that there is no long-run causality running from EU to Y. Depending on the evi-
dence shown inTable 6, a unidirectional causality running from EU toY for the FSU coun-
tries is discovered in the long run but not in the short run. This evidence supports the
growth hypothesis that claims that energy consumption stimulates economic growth.
Since EU andY series for oil and natural gas exporting countries are not cointegrated,
we did not check causality for these subsegments in an error correction framework.
However, we checked causality for remaining subsegments basing upon the achievement
of cointegration for these subsegments.According to our findings, a unidirectional causal-
ity running from energy use to output in the long run but not in the short run holds for CIS
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countries regardless Russia is included or not.This evidence is consistent with our findings
for the panel of all countries. However, the causality for oil importer and natural gas
importer countries is bidirectional that supports the feedback hypothesis.
Table 7 shows the panel long-run elasticities for all countries and the subsegments
including all-except Russia, CIS and CIS-except Russia. The elasticities in Table 7 indi-
cate that a 1 per cent increase in energy use causes an increase in output by 0.28 per cent
Table 5 Westerlund panel ECM-based panel cointegration test*
Statistic Value Z-value P-value Robust P-value
Gt −4.492 −10.300 0.000 0.005
Ga −27.461 −9.061 0.000 0.028
Pt −14.212 −7.022 0.000 0.048
Pa −19.735 −6.991 0.000 0.155
* As the choice of Kernel Window is able to affect the results, we conduct the tests for different
Kernel Window choices; however, results are robust and unchanged. In our test Kernel Window
length is two. The number of lags and leads are chosen by the Akaike criterion.
Table 6 Blundell-bond system GMM Panel VAR causality test results
Short run Long run Strong causality
ΔlnYit−1 ΔlnEUit−1
ΔlnYit−1 ΔlnEUit−1 ECTit−1 ECTit−1 ECTit−1
All countries ΔlnYit 0.359*** 0.019 −0.882*** — 22.23***
ΔlnEUit 0.261 0.047 −0.673 4.22 —
Subsegments
All-except Russia ΔlnYit 0.334*** 0.0789 −0.317*** — 7.26***
ΔlnEUit 0.126 0.174 −0.323 0.63 —
CIS ΔlnYit 0.165 0.195 −0.501** — 2.45
ΔlnEUit 0.394 −0.275 −0.2367 8.01*** —
CIS-except Russia ΔlnYit 0.065 0.4036 −0.498*** — 10.74***
ΔlnEUit 0.689** −0.111 0.477 5.68** —
Oil importers ΔlnYit 0.18 0.229 −0.448* — 3.69*
ΔlnEUit −0.346 0.169 −0.240** 3.73* —
Natural gas importers ΔlnYit 0.215 0.179 −0.526*** — 8.54***
ΔlnEUit 0.131 0.047 −0.343* 2.79 —
*, ** and *** denote significance at 10%, 5% and 1% levels, respectively. For robustness we also
checked the model by including the second lags of the first difference energy use and output series;
however, the results are robust and unchanged.
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for the FSU countries as a whole, 0.65 per cent for all-except Russia, 0.34 per cent for CIS
and 0.42 per cent for CIS-except Russia, respectively.
Table 8 shows the panel long-run elasticities for oil-importing and natural gas-
importing countries. In the previous step, we obtained evidence in favour of unidirectional
causality running from energy use to output for the 15 FSU countries and the subsegments
including all-except Russia, CIS and CIS-except Russia. Therefore, FMOLS is estimated
while only output is considered as dependent variable. We estimated equations to obtain
elasticity of output with respect to energy use.
As we obtained evidence in favour of bidirectional causality for oil importer and
natural gas importer countries, we estimated FMOLS considering both output and energy
use as dependent variable. We estimated equations to obtain elasticities of output with
respect to energy use and of energy use with respect to output. The elasticities of output
with respect to energy use are 0.86 and 0.39 implying that a 1 per cent increase in energy
use causes an increase in output by 0.86 per cent for oil-importing countries and 0.85
per cent for natural gas-importing countries, respectively. On the other hand, the elastici-
ties of energy use with respect to output are 0.39 and 0.42 implying that a 1 per cent
increase in energy use causes an increase in output by 0.39 per cent for oil importing coun-
tries and 0.42 per cent for natural gas importing countries, respectively.
Table 7 Fully modified OLS estimates for all countries and the subsegments
Dependent variable Independent variable
ΔlnEU
All countries ΔlnY 0.28 ( 3.97)***
Subsegments
All-except Russia ΔlnY 0.65 (9.62)***
CIS ΔlnY 0.34 (−6.68)***
CIS-except Russia ΔlnY 0.42 (−7.1)***
*** denotes significance at the 1% level.
Table 8 Fully modified OLS estimates for oil importers and natural gas importers
Dependent
variable
Independent
variable
Dependent
variable
Independent
variable
ΔlnEU ΔlnY
Oil importers ΔlnY 0.86 (−10.26)*** ΔlnEU 0.39 (−11.51)***
Natural gas importers ΔlnY 0.85 (−10.31)*** ΔlnEU 0.42 (−12.15)***
*** denotes significance at the 1% level.
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7. Conclusion
This paper examines the relationship between energy consumption and real GDP per
capita for the 15 FSU countries. In order to allow for heterogeneity, we employed the most
recent panel unit root tests, panel cointegration methods and panel vector error correction-
based panel causality tests. One of the originalities of the paper is its contribution to the
literature on energy consumption–economic growth nexus by incorporating the FSU
countries and using recent panel data techniques beyond the existing literature on these
countries. And also it is apparent that the classification of countries into different
subsegments provides a better understanding of causal relationship between energy con-
sumption and economic growth.
In the paper, our results suggest that energy use and output are cointegrated.This result
is accepted as a stepping stone for a further analysis of panel causality to reach conclusions
that may introduce new suggestions on energy conservation policies. The results of panel
vector error correction-based panel causality tests reveal that there is a unidirectional cau-
sality running from energy use to output in the long run but not in the short run for the 15
FSU countries and CIS regardless whether Russia is included or excluded. However, the
causalities for oil importer and natural gas importer countries are bidirectional. The
impact of energy consumption on economic growth appears to be sensitive to the inclusion
of the oil exporters and natural gas exporters in the subsegments. One of the important
factors fostering rapid GDP growth in the FSU can be high energy prices due to their high
export volumes. Therefore, GDP growth may not stimulate energy use in these countries
unlike the oil importers and natural gas importers. Also, another source of economic
growth in these countries can be the existence of energy-intensive industries.
Developing countries, which require more energy-using technologies and energy-
intensive consumption, aspire towards high rate of economic growth. Therefore, energy
efficiency improvement is a priority for developing countries. The implementation of
energy efficiency policies includes 25 fields of action across seven priority areas: cross-
sectoral activity, buildings, appliances, lighting, transport, industry and power utilities
(International Energy Agency, 2009). As stated by World Energy Council (2008), in order
to implement energy efficiency policies, decisive programmes should be put into action
including establishment of appropriate institutional and regulatory frameworks, collabo-
ration between public and private sector, quality control of appliances and equipment, pro-
motion of innovation in energy sector, coordination at international level, integration of
energy efficiency concerns in other policies, etc. However, emerging constraints on energy
supply, which are brought about by international initiatives, may create disadvantages for
the countries that are the members of these initiatives against other countries with respect
to international competition. Therefore, alternative and cheaper energy sources such as
renewable energy sources can be a crucial instrument for companies to improve their com-
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petitiveness. Renewable energy sources have some other advantages that can be specified
as contributing to climate change mitigation and general environmental protection,
encouragement for technological innovation, market and employment creation, leading to
productivity, enhancing energy supply security through diversification, prevention of con-
flicts over natural resources and improving public health through reduced local air pollu-
tion. Thus, policy makers should consider improving renewable energy source, because
energy efficiency choice is an investment decision that includes a tradeoff between higher
initial capital costs and uncertain lower future energy operating costs. Global competitive-
ness is the overall case for increasing energy efficiency in industrial sector. Therefore,
investment decisions, which affect global competitiveness through costs and prices,
should be considered as a policy package that includes combining information and
communication actions, regulations, subsidies, soft loans, training and certification
(International Energy Agency, 2011). Also, these policy instruments should be employed
simultaneously to achieve success by considering countries’ differences in energy struc-
tures and economic characteristics.
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Notes
1. There are few studies examining Soviet Republics or Commonwealth Independent States
countries, however, to the best of our knowledge there is not any study examining the 15 FSU
countries as a whole.
2. Primary energy intensity is the ratio of energy consumption to GDP.
3. Carbon intensity indicates amount of carbon by weight emitted per unit of energy consumed.
4. Energy intensity measured in Btu per year 2005 US dollars (PPP). Millions Btu (British
thermal units) is equivalent to 39.68320 metric tons of oil. Carbon intensity measured in
metric tons of carbon dioxide per thousand year 2005 US dollars (PPP). Data were obtained
from US Energy Information Administration (EIA).
5. See Odhiambo (2009), Acaravci and Ozturk (2010), Esso (2010), Ozturk et al. (2010), Paul
and Uddin (2010), Tsani (2010), Fuinhas and Marques (2012). Also, Payne (2010a,b) and
Ozturk (2010) can be seen for literature surveys.
6. There are 14 countries in all-except Russia. CIS excludes the Baltic countries of Estonia,
Latvia and Lithuania. CIS-except Russia excludes Russia. Oil exporters are Azerbaijan,
Kazakhstan, Russia and Turkmenistan, whereas oil importers are the remaining countries.
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Natural gas exporters are Azerbaijan, Kazakhstan, Russia, Turkmenistan and Uzbekistan,
whereas natural gas importers are the remaining countries.
7. Baltagi (2008) can be seen for detailed description of the LLC and IPS tests.
8. Autocorrelation tests such as AR(1) and AR(2) tests and test for overidentifying restriction
tests such as Sargen and Hansen J tests revealed reasonable results.
9. It is worth to note that we failed to reject the null of unit root in model A for GDP series of
Moldova, and energy use series of Armenia and Turkmenistan.
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Appendix 1
Table A1 Summary of selected empirical studies on energy use-growth nexus for country-specific
studies
Author(s) Countries Period Methodology Causality
Kraft and Kraft (1978) US 1947–1974 Granger causality Y→EU
Akarca and Long (1980) US 1950–1970 Sim’s technique Neutral
Yu and Hwang (1984) US 1947–1979 Sim’s technique Neutral
Abosedra and Baghestani (1989) US 1947–1987 Co-integration, Granger causality Y→EU
Hwang and Gum (1991) Taiwan 1961–1990 Co-integration, error correction Y↔EU
Yu and Jin (1992) US 1974–1990 Co-integration, Granger causality Neutral
Stern (1993) US 1947–1990 Multivariate VAR model EU→Y
Cheng (1995) US 1947–1990 Co-integration, Granger causality Neutral
Cheng and Lai (1997) Taiwan 1954–1993 Granger causality Y→EU
Cheng (1998) Japan 1952–1995 Hsiao’s Granger causality Y→EU
Cheng (1999) India 1952–1995 Co-integration, ECM, Granger causality Y→EU
Stern (2000) US 1948–1994 Co-integration, Granger causality EU→Y
Soytas et al. (2001) Turkey 1960–1995 Co-integration, Granger causality EU→Y
Aqeel and Butt (2001) Pakistan 1955–1996 Hsiao’s version of Granger causality, co-integration Y→EU
Fatai et al. (2002) New Zealand 1960–1999 Granger causality, ARDL, Toda-Yamamoto causality
test
Neutral
Hondroyiannis et al.(2002) Greece 1960–1996 Error correction model Neutral
Glasure (2002) South Korea 1961–1990 Co-integration, error correction, variance
decomposition
Y↔EU
Altinay and Karagol (2004) Turkey 1950–2000 Hsiao’s version of Granger causality Neutral
Ghali and El-Sakka (2004) Canada 1961–1997 Co-integration, VECM, Granger causality Y↔EU
Paul and Bhattacharya (2004) India 1950–1996 Co-integration, Granger causality Y↔EU
Oh and Lee (2004) South Korea 1970–1999 Granger causality, error correction model EU→Y
Wolde-Rufael (2004) Shanghai 1952–1999 Toda–Yamamoto causality test EU→Y
Lee and Chang (2005) Taiwan 1954–2003 Johansen–Juselius, co-integration, VECM EU→Y
Ang (2007) France 1960–2000 Co-integration, VECM EU→Y in
the short-run
Jobert and Karanfil (2007) Turkey 1960–2003 Granger causality test Neutral
Ho and Siu (2007) Hong Kong 1966–2002 Co-integration, VECM EU→Y
Zamani (2007) Iran 1967–2003 Granger causality, co-integration, VECM Y→EU
Lise and Van Montfort (2007) Turkey 1970–2003 Co-integration test Y→EU
Ang (2008) Malaysia 1971–1999 Johansen co-integration, VECM Y→EU
Erdal et al. (2008) Turkey 1970–2006 Pair-wise Granger causality, Johansen co-integration Y↔EU
Yuan et al. (2008) China 1963–2005 Johansen co-integration, VECM Y→EU
Bowden and Payne (2009) US 1949–2006 Toda–Yamamoto causality test EU→Y
Payne (2009) US 1949–2006 Toda–Yamamoto causality test Neutral
Zhang and Cheng (2009) China 1960–2007 Granger causality Y→EU
Belloumi (2009) Tunisia 1971–2004 Granger causality, VECM EU→Y in
the short-run
Y↔EU in
the long-run
Halicioglu (2009) Turkey 1960–2005 Granger causality, ARDL, co-integration Neutral
Soytas and Sari (2009) Turkey 1960–2000 Toda–Yamamoto causality test Neutral
Binh (2011) Vietnam 1976–2010 Co-integration, VECM Y→EU
Kaplan et al. (2011) Turkey 1971–2006 Granger causality, VECM Y↔EU
Note: Y→EU means that the causality runs from growth to energy use. EU→Y means that the causality runs from energy use to growthY↔EU means
that bi-directional causality exists between growth and energy use. Neutral means that no causality exists between growth and energy use.
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Table A2 Summary of selected empirical studies on energy use-growth nexus for multi-country
studies
Author(s) Countries Period Methodology Causality
Erol and Yu (1987) Japan 1952–1982 Granger causality Y↔EU
Italy, Germany Y→EU
Canada EU→Y
France, UK Neutral
Masih and Masih (1996) India 1955–1990 Co-integration, error
correction,
EU→Y
Pakistan Y↔EU
Indonesia Y→EU
Malaysia, Singapore,
Philippines
Neutral
Masih and Masih (1997) Taiwan 1952–1992 Co-integration, error
correction, variance
decomposition
Y↔EU
South Korea 1955–1991 Y↔EU
Glasure and Lee (1997) South Korea 1961–1990 Co-integration and Granger
causality
Neutral
Singapore EU→Y
Asafu-Adjaye (2000) India, Indonesia 1973–1995 Co-integration, Granger
causality based on ECM
EU→Y
Philippines, Thailand 1971–1995 Y↔EU
Soytas and Sari (2003) Argentina 1950–1992 Co-integration, Granger
causality
Y↔EU
Italy, South Korea Y→EU
Turkey, France, Germany,
Japan
EU→Y
Brazil, India, Indonesia,
Mexico, Poland, South
Africa, US, UK, Canada
Neutral
Lee (2005) 18 developing countries 1971–2001 Panel VECM EU→Y
Al-Iriani (2006) Bahrain, Kuwait, UAE Oman,
Qatar, Saudi Arabia
1970–2002 Panel co-integration, GMM Y→EU
Lee (2006) UK, Germany 1960–2001 Granger causality Neutral
Sweden, US Y↔EU
Canada, Belgium,
Netherlands, Switzerland
EU→Y
France, Italy, Japan Y→EU
Soytas and Sari (2006) Germany 1960–2004 Multivariate co-integration,
ECM, generalized variance
decompositions
Y→EU
France, US EU→Y
Canada, Italy, Japan, UK Y↔EU
Lee and Chang (2007) 18 developing countries 1971–2002 Panel VAR, GMM Y→EU
22 developed countries 1965–2002 Y↔EU
Mahadevan and
Asafu-Adjaye (2007)
20 energy importers and
exporters
1971–2002 Panel error correction model Y↔EU (developed countries)
EU→Y in the short-run
(developing countries)
Mehrara (2007) 11 oil exporting countries 1965–2002 Panel co-integration Y→EU
Akinlo (2008) Gambia, Ghana, Sudan,
Zimbabwe, Congo,
Senegal.
1980–2003 Autoregressive distributed lag
(ARDL) bounds test
Y→EU
Cameroon, Cote d’Ivoire,
Nigeria, Kenya, Togo.
Neutral
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Table A2 Continued
Author(s) Countries Period Methodology Causality
Narayan and Smyth (2008) G7 countries 1972–2002 Panel co-integration, Granger
causality
EU→Y
Lee et al. (2008) 22 OECD countries 1960–2001 Panel co-integration, Panel
VECM
Y↔EU
Lee and Chang (2008) 16 Asian countries 1971–2002 Panel co-integration and
Panel ECM
Neutral in the short-run
EU→Y in the long-run
Reynolds and Kolodzieji
(2008)
FSU countries Granger causality Oil production→Y
Y→coal production
Y→natural gas production
Apergis and Payne
(2009a)
Costa Rica, El Salvador,
Guatemala, Honduras,
Nicaragua, Panama
1980–2004 Panel co-integration, error
correction model
EU→Y
Apergis and Payne
(2009b)
11 CIS countries 1991–2005 Panel co-integration, error
correction model
EU→Y in the short-run
Y↔EU in the long-run
Apergis and Payne
(2009c)
Costa Rica, El Salvador,
Guatemala, Honduras,
Nicaragua, Panama
1971–2004 Panel VECM Y↔EU in the short-run
Lau et al. (2011) 17 Asian countries Granger causality EU→Y in the short-run
Y→EU in the long-run
Farhani and Rejeb (2012) 15 MENA countries 1973–2008 Panel co-integration, error
correction model
Neutral in the short-run
Y→EU in the long-run
Note: Y→EU means that the causality runs from growth to energy use. EU→Y means that the causality runs from energy use to growthY↔EU means
that bi-directional causality exists between growth and energy use. Neutral means that no causality exists between growth and energy use.
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